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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a circuit and metliod for controlling 
piezoelectric transfornner by which a piezoelectric transfornner can be driven 
highly efficiently, by controlling the load current of the transfornner to a prescribed 
value regardless of the fluctuation of the input voltage of the transformer. 
SOLUTION: When the input voltage of a piezoelectric transfornner 1 rises, a 
detected voltage Vti which is rectified by nneans of a rectifier circuit 9 also rises, 
because (the annplitude of) a sine wave voltage which is used for driving the 
transfornner 1 also beconnes higher (larger). When the detected voltage Vti 
beconnes higher, the output voltage of an error annplifier circuit 10 which 
compares the voltage Vti with a reference voltage Vref2 rises. When the output 
voltage of the circuit 10 rises, a voltage-controlled oscillation circuit 11 makes 
smaller the duty ratio of an oscillate signal outputted from the circuit 1 1 . A drive 
circuit 7 reduces the driving voltage of the transformer 1 by making the amplitude 
of a fundamental wave contained in the rectangular wave outputted from the 
circuit 7 as the duty ratio of the oscillate signal becomes smaller. 
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CLAIMS 



[Claim(s)] 

[Claim 1] Switch the input voltage of a direct current in a drive circuit, and 
alternating voltage is generated. A driver voltage detection means to drive a 
piezoelectric transformer and to obtain the alternating current high voltage with 
the alternating voltage and to be the control circuit of a piezoelectric transformer 
and to detect the magnitude of the driver voltage of said piezoelectric transformer, 
A driver voltage error output means to compare the output of the driver voltage 
detection means with the 1st predetermined value, and to output the result. The 
control circuit of the piezoelectric transformer characterized by having an 
oscillation means to output the oscillation signal which switches said input 



voltage, according to the output of the driver voltage error output means. 
[Claim 2] Said oscillation signal is the control circuit of the piezoelectric 
transformer according to claim 1 with which it is a square wave and said 
oscillation means is characterized by adjusting the duty ratio of this square wave. 
[Claim 3] Furthermore, a load current detection means to detect the magnitude of 
the current which flows for the load connected to said piezoelectric transformer, 
A load current error output means to compare the output of the load current 
detection means with the 2nd predetermined value, and to output the result, The 
frequency adjustment device with which preparation ****** and said oscillation 
means adjust the frequency of said oscillation signal according to the output of 
said load current error output means. The control circuit of the piezoelectric 
transformer according to claim 2 characterized by including the duty ratio 
adjustment device which adjusts the duty ratio of said oscillation signal according 
to the output of said driver voltage error output means. 

[Claim 4] It is the control circuit of the piezoelectric transformer according to claim 
3 characterized by being the electrical-potentlal-difference comparator circuit 
which said frequency adjustment device is a triangular wave oscillator circuit 
which outputs a triangular wave according to the output of said load current error 
output means, and said duty ratio adjustment device measures the triangular 
wave outputted from said triangular wave oscillator circuit, and the output of said 
driver voltage error output means, adjusts a duty ratio, and outputs said square 
wave. 

[Claim 5] It is the control circuit of the piezoelectric transformer according to claim 
3 characterized by being the electrical-potential-difference comparator circuit 
which said frequency adjustment device is a saw-tooth-wave oscillator circuit 
which outputs a saw tooth wave according to the output of said load current error 

output means, and said duty ratio adjustment device measures the saw tooth 
wave outputted from said saw-tooth-wave oscillator circuit, and the output of said 
driver voltage error output means, adjusts a duty ratio, and outputs said square 
wave. 



[Claim 6] It is the control circuit of the piezoelectric transformer according to claim 
4 or 5 characterized by said duty ratio adjustment device adjusting only the duty 
ratio by the side of the high side of this bridge when the drive circuit which drives 
said piezoelectric transformer is a half bridge type or a full bridge type. 
[Claim 7] Furthermore, an intermittent oscillation means to generate the pulse 
signal which drives said piezoelectric transformer intermittently, and to supply the 
pulse signal to the drive circuit of said piezoelectric transformer. It is located 
between said driver voltage detection means and said driver voltage error output 
means. According to the pulse signal from said intermittent oscillation means, the 
output of said driver voltage detection means is sampled, the 1st sample hold 
means to hold - having - this - the 1st sample hold means Equivalent to the 
output of said driver voltage detection means when oscillating, while said 
intermittent oscillation means is not oscillating, then the control circuit of a 
piezoelectric transformer according to claim 3 characterized by outputting the 
electrical potential difference which is holding at the time to said driver voltage 
error output means. 

[Claim 8] Furthermore, an intermittent oscillation means to generate the pulse 
signal which drives said piezoelectric transformer intermittently, and to supply the 
pulse signal to the drive circuit of said piezoelectric transformer. It is located 
between said driver voltage error output means and said duty ratio adjustment 
devices. According to the pulse signal from said intermittent oscillation means, 
the output of said driver voltage error output means is sampled, the 1st sample 
hold means to hold - having - this - the 1st sample hold means Equivalent to 
the output of said driver voltage error output means when oscillating, while said 
intermittent oscillation means is not oscillating, then the control circuit of a 
piezoelectric transformer according to claim 3 characterized by outputting the 
electrical potential difference which is holding at the time to said duty ratio 
adjustment device. 

[Claim 9] Furthermore, it is located between said load current detection means 
and said load current detection error output means. According to the pulse signal 



from said intermittent oscillation means, the output of said load current detection 
means is sampled, the 2nd sample hold means to hold ~ having ~ this ~ the 2nd 
sample hold means Equivalent to the output of said load current detection means 
when oscillating, while said intermittent oscillation means is not oscillating, then 
the control circuit of a piezoelectric transformer according to claim 7 or 8 
characterized by outputting the electrical potential difference which is holding at 
the time to said load current detection error output means. 
[Claim 10] The control circuit of the piezoelectric transformer according to claim 1 
characterized by using said control circuit for the driving gear of the cold cathode 
tube as said load. 

[Claim 1 1] The control circuit of the piezoelectric transformer according to claim 1 
characterized by using said control circuit for the driving gear of the ultraviolet ray 
lamp as said load. 

[Claim 12] The display characterized by controlling the cold cathode tube which 
is a load with the piezoelectric transformer controlled by the control circuit 
according to claim 1. 

[Claim 13] The computer equipped with a display according to claim 12 as a 
display means. 

[Claim 14] The Personal Digital Assistant equipped with a display according to 
claim 12 as a display means. 

[Claim 15] Deordorization equipment equipped with an ultraviolet ray lamp 
according to claim 1 1 as the light source for excitation of a catalyst. 
[Claim 16] The sterilizer equipped with an ultraviolet ray lamp according to claim 
1 1 as germicidal lamp glass. 

[Claim 17] Water purifying plant equipped with an ultraviolet ray lamp according 
to claim 1 1 as germicidal lamp glass. 

[Claim 18] The control circuit of the piezoelectric transformer according to claim 1 
characterized by using said control circuit for the high-voltage transformer 
assembly of the component for ozone generating as said load. 
[Claim 19] The control circuit of the piezoelectric transformer according to claim 1 



characterized by using said control circuit for a DC-DC converter. 
[Claim 20] It is the control approach of a piezoelectric transformer of switching 
the input voltage of a direct current, generating alternating voltage, driving a 
piezoelectric transformer with the alternating voltage, and obtaining the 
alternating current high voltage. The driver voltage detection process of detecting 
the magnitude of the driver voltage of said piezoelectric transformer. The control 
approach of the piezoelectric transformer characterized by having the 1st 
comparison process which compares the driver voltage and 1st predetermined 
value which were detected, and the oscillation process which generates the 
oscillation signal which switches said input voltage according to the comparison 
result. 

[Claim 21] Furthermore, the load current detection process of detecting the 
magnitude of the current which flows for the load connected to said piezoelectric 
transformer. It has the 2nd comparison process which compares the load current 
and 2nd predetermined value which were detected. Said oscillation process The 
frequency regulation process which adjusts the frequency of said oscillation 
signal according to the comparison result in said 1st comparison process. The 
control approach of the piezoelectric transformer according to claim 20 
characterized by including the duty ratio adjustment process of adjusting the duty 
ratio of said oscillation signal according to the comparison result in said 2nd 
comparison process. 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention is used for the driving gear of a cold 
cathode tube, and relates to the control circuit and the control approach of a 
suitable piezoelectric transfornner. 

[0002] 

[Description of the Prior Art] In recent years, the liquid crystal display Is widely 
used for the easy note type personal connputer of carrying as the display. That a 
liquid crystal display panel should be ****(ed), it has the cold cathode tube as the 
so-called back light, and in order to nnake that cold cathode tube turn on, the 
pressure-up inverter in which conversion to the alternating current high voltage of 
SOOVrms extent Is possible Is needed for the Interior of this liquid crystal display 
from direct-current low batteries, such as a cell, at the time of 1000 or more 
Vrmses and a stationary point LGT at the time of lighting initiation. 
Conventionally, as a transformer for pressure ups of this pressure-up inverter, 
although the coil transformer was used, recently, the piezoelectric transformer 
which performs a pressure up is coming to use it by carrying out electric 
conversion through mechanical energy. Although It generally has the property 
which is not desirable, since [ which this piezoelectric transformer says that a 
pressure-up ratio changes with the magnitude of an output load (load resistance) 
a lot ] the dependency to this load resistance is suitable as a property of the 
inverter power source of a cold cathode tube by one side, it attracts attention as 
a small high voltage power supply which meets the demand of thin-shape-izing of 
a liquid crystal display, and efflclent-lzlng. An example of such a control circuit of 
a piezoelectric transformer is explained with reference to drawing 1 . 



[0003] Drawing 1 is tlie blocl< blocl< diagram of tlie control circuit of tlie 
piezoelectric transformer as a conventional example. 

[0004] Loads, such as a cold cathode tube by which 101 were connected to the 
piezoelectric transformer among drawing, and 102 was connected to the output 
side of a piezoelectric transformer 101, The rectifier circuit which changes into 
direct current voltage the alternating voltage which produced the resistance Rdet 
for detection for 103 to detect the current which flows for a load, and 104 in the 
resistance 103 for detection, 105 compares the electrical potential difference 
(following and load current detection electrical potential difference) Vri and 
reference voltage Vref after rectification in a rectifier circuit 104. The signal of the 
error amplifying circuit which amplifies the difference which is a comparison 
result, and the 106 oscillation-frequency according to the output voltage of the 
error amplifying circuit 105 The armature-voltage control oscillator circuit which 
outputs a (following and oscillation signal), and 107 are drive circuits which drive 
a piezoelectric transformer 101 based on the oscillation signal and input voltage 
Vi (direct current) of the armature-voltage control oscillator circuit 106. 
[0005] Drawing 2 is drawing showing an example of the internal configuration of 
the drive circuit as a conventional example. 

[0006] Among drawing, when 107a switches input voltage Vi according to the 
oscillation signal from the armature-voltage control oscillator circuit 106, 
transistors, such as FET (field-effect transistor) which generates alternating 
voltage, and 107b are coil transformers which impress the alternating voltage to 
a piezoelectric transformer 101 . Since this coil transformer 107b has the screen 
effect by the induction component of a secondary, and the capacity component of 
a piezoelectric transformer 101 , by the secondary of coil transformer 107b, the 
square wave electrical potential difference produced by switching of transistor 
107a serves as a sine wave, and is impressed to a piezoelectric transformer. 
With the sinusoidal voltage, a piezoelectric transformer 101 is driven and the high 
voltage of an alternating current generates it in the output side of a piezoelectric 
transformer 101. 



[0007] Next, actuation of a control circuit equipped witli the above-nnentioned 

configuration is explained with reference to drawing 3 . 

[0008] Drawing 3 is drawing explaining an example of the frequency 

characteristics about the output voltage and the load current of a piezoelectric 

transformer. 

[0009] As a piezoelectric transformer 101 is shown in this drawing (above), it has 
the resonance frequency property of Yamagata which makes a summit 
resonance frequency which a piezoelectric transformer 101 has, and generally it 
is known that the current which flows for a load 102 with the output voltage of a 
piezoelectric transformer 101 will also serve as the property of the same 
Yamagata. In addition, the load current is expressed with the load current 
detection electrical potential difference Vri in this drawing (below) (characteristic 
curve A). In this property, the control using a right-hand side (the lower right is **) 
part is explained. If the power source to the control circuit concerned is switched 
on, the armature-voltage control oscillator circuit 106 will start an oscillation on 
the initial frequency fa. Since the current is not flowing for a load 102 in that case, 
the electrical potential difference generated in the detection resistance 103 is 
zero. Therefore, the error amplifying circuit 105 outputs the negative electrical 
potential difference which is the result of comparing the load current detection 
electrical potential difference Vri with reference voltage Vref to the armature- 
voltage control oscillator circuit 106. And since the armature-voltage control 
circuit 106 shifts the oscillation frequency of an oscillation signal to a low 
frequency side according to the electrical potential difference, the output voltage 
of a piezoelectric transformer 101 rises and begins to increase [ the load current 
(load current detection electrical potential difference Vri) ] as the frequency shifts 
to the low frequency side. And a frequency is stabilized in the place where the 
load current (load current detection electrical potential difference Vri) and 
reference voltage Vref became the same (fb). In the control circuit which 
performs such actuation, since the oscillation frequency of the armature-voltage 
control oscillator circuit 106 shifts according to the change even if the resonance 



frequency of a piezoelectric transformer 101 clianges witli a tennperature cliange 
or aging, tlie load current can always be nnaintained at abbreviation regularity. 
[0010] Therefore, according to the control circuit of drawing 1 , frequency control 
is performed that the load current detection electrical potential difference Vri 
should be made reference voltage Vref, and the load current comes to be held by 
the frequency control at a predetermined value. 
[0011] 

[Problem(s) to be Solved by the Invention] However, in the control circuit of a 
piezoelectric transformer like the above-mentioned conventional example, if input 
voltage Vi becomes large, when the electrical potential difference which drives a 
piezoelectric transformer 101 increases, the output voltage of a piezoelectric 
transformer 101 will also rise (the characteristic curve B in drawing 3 ). If output 
voltage rises, since the load current connected to the output side of a 
piezoelectric transformer 101 in connection with it will also increase, compared 
with reference voltage Vref, the load current detection electrical potential 
difference Vri will become large, and the frequency of an oscillation signal will 
shift to fc of the direction of a RF as a result. On the contrary, when input voltage 
becomes small, since the load current decreases, the frequency of an oscillation 
signal will shift to a low frequency side. Generally, the case where it drives near 
the resonance frequency of a piezoelectric transformer has the best 
effectiveness, and the conversion efficiency of I/O of a piezoelectric transformer 
has the property that effectiveness falls, so that a frequency shifts to a RF side. 
Therefore, the control circuit concerned has the desirable function to hold the 
load current to a predetermined value, even if input voltage Vi changes, but since 
the drive frequency of a piezoelectric transformer is changed by fluctuation of 
input voltage Vi, it has the problem that conversion efficiency will fall as a result. 
[0012] Then, this invention controls ****** and the load current to a predetermined 
value, and aims a piezoelectric transformer at offer of the control circuit of the 
piezoelectric transformer which can be driven [ that it is efficient and ], and the 
control approach to change of input voltage. 



[0013] 

[Means for Solving the Problem] In order to attain the above-nnentioned purpose, 
the control circuit of the piezoelectric transformer of this invention is 
characterized by the following configurations. 

[0014] Namely, switch the input voltage of a direct current in a drive circuit, and 
alternating voltage is generated. A driver voltage detection means to drive a 
piezoelectric transformer and to obtain the alternating current high voltage with 
the alternating voltage and to be the control circuit of a piezoelectric transformer 
and to detect the magnitude of the driver voltage of said piezoelectric transformer, 
A driver voltage error output means to compare the output of the driver voltage 
detection means with the 1st predetermined value, and to output the result. It is 
characterized by having an oscillation means to output the oscillation signal 
which switches said input voltage, according to the output of the driver voltage 
error output means, and preferably, said oscillation signal is a square wave and 
said oscillation means is characterized by adjusting the duty ratio of this square 
wave. 

[0015] A load current detection means to detect the magnitude of the current 
which flows for the load connected to said piezoelectric transformer further 
preferably, A load current error output means to compare the output of the load 
current detection means with the 2nd predetermined value, and to output the 
result, It is good for preparation ****** and said oscillation means to contain the 
frequency adjustment device which adjusts the frequency of said oscillation 
signal according to the output of said load current error output means, and the 
duty ratio adjustment device which adjusts the duty ratio of said oscillation signal 
according to the output of said driver voltage error output means. 
[0016] Thereby, ****** and the load current are controlled to change of input 
voltage at the 2nd predetermined value, and the driver voltage of a piezoelectric 
transformer is controlled to the 1st predetermined value. 
[0017] Or in order to attain the above-mentioned purpose, the control approach 
of the piezoelectric transformer of this invention is characterized by the following 



configurations. 

[0018] Namely, it is tlie control approacli of a piezoelectric transformer of 
switching the input voltage of a direct current, generating alternating voltage, 
driving a piezoelectric transformer with the alternating voltage, and obtaining the 
alternating current high voltage. It is characterized by having the 1st comparison 
process which compares the driver voltage detection process of detecting the 
magnitude of the driver voltage of said piezoelectric transformer with its driver 
voltage and 1st predetermined value which were detected, and the oscillation 
process which generates the oscillation signal which switches said input voltage 
according to the comparison result. This controls ****** and driver voltage to 
change of input voltage at the 1st predetermined value. 
[0019] The load current detection process of detecting the magnitude of the 
current which flows for the load connected to said piezoelectric transformer 
further preferably, It has the 2nd comparison process which compares the load 
current and 2nd predetermined value which were detected. Said oscillation 
process It is good to include the frequency regulation process which adjusts the 
frequency of said oscillation signal according to the comparison result in said 1st 
comparison process, and the duty ratio adjustment process of adjusting the duty 
ratio of said oscillation signal according to the comparison result in said 2nd 
comparison process. Thereby, ****** and the load current are controlled to 
change of input voltage at the 2nd predetermined value, and the driver voltage of 
a piezoelectric transformer is controlled to the 1st predetermined value. 
[0020] 

[Embodiment of the Invention] Hereafter, 1 operation gestalt of the control circuit 
of the piezoelectric transformer concerning this invention is explained with 
reference to a drawing. 

[0021] [Operation gestalt of** 1st] drawing 4 is the block block diagram of the 
control circuit of the piezoelectric transformer as 1st operation gestalt of this 
invention. 

[0022] Loads, such as a cold cathode tube by which one was connected to the 



piezoelectric transformer among drawing, and 2 was connected to tlie output 
side of a piezoelectric transformer 1 , The rectifier circuit which changes into 
direct current voltage the alternating voltage which produced the resistance Rdet 
for detection for 3 to detect the current which flows for a load, and 4 in the 
resistance 3 for detection. The error amplifying circuit which 5 compares the 
output voltage (load current detection electrical potential difference) Vri and 
reference voltage Vref1 of a rectifier circuit 4, and amplifies the difference, and 7 
are drive circuits which have the same configuration as above-mentioned 
drawing 2 . IVIoreover, they are detection resistance for 8a and 8b to detect the 
magnitude of the driver voltage of a piezoelectric transformer 1 , the rectifier 
circuit which changes into direct current voltage the alternating voltage which 
produced 9 in resistance 8a for detection, and the error amplifying circuit which 
10 compares the output voltage Vti and reference voltage Vref2 of a rectifier 
circuit 9, and amplifies the difference. And 11 is a frequency according to the 
output voltage of the error amplifying circuit 5, and is an armature-voltage control 
oscillator circuit which outputs the oscillation signal of the duty ratio according to 
the output voltage of the error amplifying circuit 10. 

[0023] Next, actuation of the armature-voltage control oscillator circuit 11 in the 
control circuit of drawing 4 is explained. 

[0024] Drawing 5 is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as 1st operation gestalt of this invention. 
[0025] The armature-voltage control oscillator circuit 1 1 is equipped with 
triangular wave oscillator-circuit 11a and electrical-potential-difference 
comparator circuit lib among drawing. Triangular wave oscillator-circuit 11a 
outputs the triangular wave of the frequency according to the output voltage of 
the error amplifying circuit 5 as an oscillation signal. Moreover, electrical- 
potential-difference comparator circuit 1 1b performs the so-called PWM (Pulse 
Density Modulation) based on the result of having compared with the output 
voltage of the error amplifying circuit 10 the triangular wave outputted from 
triangular wave oscillator-circuit 11a, and outputs a square wave. Therefore, the 



small oscillation signal of a duty ratio is outputted to the drive circuit 7, so that the 
electrical potential difference of the error amplifying circuit 10 rises. 
[0026] In the control circuit of drawing 4 , now, DC5V are impressed as input 
voltage Vi, and the output voltage Vti and reference voltage Vref2 of a rectifier 
circuit 9 as driver voltage of a piezoelectric transformer 1 are in agreement in this 
condition, consequently it is assumed that the oscillation signal of 40% of duty 
ratio is outputted from the armature-voltage control oscillator circuit 11 . in that 
case, the drive circuit 7 - this - a piezoelectric transformer 1 will be driven based 
on the oscillation signal of 40% of duty ratio. 

[0027] From this condition, input voltage Vi assumes that it went up to 7V. The 
sinusoidal voltage (amplitude) which drives a piezoelectric transformer 1 by the 
rise of input voltage Vi becomes large, and the detection electrical potential 
difference Vti obtained by the driver voltage detection resistance 8a and 8b and 
the rectifier circuit 9 which were connected to the input side of a piezoelectric 
transformer 1 also becomes large. Then, the output voltage of the error 
amplifying circuit 10 rises, and the armature-voltage control oscillator circuit 1 1 
operates in the direction which makes the duty ratio of the oscillation signal to 
output small. And in the drive circuit 7, the duty ratio of the square wave electrical 
potential difference produced by switching of transistor 107a and the amplitude of 
the sine wave acquired by the secondary of coil transformer 107b since it 
becomes small become small as the duty ratio of an oscillation signal becomes 
small. Namely, the driver voltage of a piezoelectric transformer 1 moves in the 
direction which becomes small. When input voltage Vi descends from 5V on the 
contrary, a duty ratio is enlarged and driver voltage of a piezoelectric transformer 
1 is enlarged. Even if it is the case where input voltage Vi changes by performing 
such control, the load current can be controlled to a predetermined value, and 
driver voltage can be controlled to a predetermined value. Therefore, the 
predetermined driver voltage which is efficient and can drive a piezoelectric 
transformer 1 always comes to be obtained. 

[0028] <Modification of 1st operation gestalt> drawing 6 is drawing showing the 



internal configuration of ttie arnnature-voltage control oscillator circuit as a 
modification of tlie 1st operation gestalt of this invention. 
[0029] Tlie saw-tootln-wave oscillator circuit where 11c outputs the saw tooth 
wave of the frequency according to the output voltage of the error amplifying 
circuit 5, and lib are equipped with the electrical-potential-difference comparator 
circuit which performs the so-called PWM (Pulse Density Modulation) based on 
the result of having compared with the output voltage of the error amplifying 
circuit 10 the saw tooth wave outputted from saw-tooth-wave oscillator-circuit 11c, 
and outputs a square wave among drawing. About actuation of the control circuit 
of a piezoelectric transformer equipped with actuation and the circuit concerned 
of this armature-voltage control oscillator circuit, since it is the same as that of 
the armature-voltage control oscillator circuit 10 shown in drawing 4 , and 
abbreviation, explanation is omitted. 

[0030] The case of the drive circuit of the so-called half bridge type which used 
the transistor for switching for the drive circuit 7, and a full bridge type is 
explained as [the 2nd operation gestalt], next 2nd operation gestalt. Although 
detailed explanation is omitted since it is general about the circuitry of a half 
bridge type and a full bridge type, the outline of a drive circuit is shown in drawing 
7 and drawing 8 . 

[0031] Drawing 7 is drawing showing the internal configuration of the half bridge 
type drive circuit as 2nd operation gestalt of this invention. 
[0032] Among drawing, the transistors 7a and 7b (in this operation gestalt, let 7a 
as a P type transistor, and let 7b be an N type transistor), such as FET (field- 
effect transistor), are constituted by the half bridge type at drive circuit 7A, as 
shown in this drawing. From the below-mentioned armature-voltage control 
oscillator-circuit 11 A, two kinds of oscillation signals are inputted into a high side 
and low side side, respectively, and Transistors 7a and 7b repeat ON/OFF by 
turns. Therefore, input voltage Vi is changed into the square wave which has the 
peak value Vi according to an oscillation signal by the switching operation of 
drive circuit 7A. And harmonic content is removed in choke coil 10a, and this 



square wave serves as driver voltage of the piezoelectric transformer 1 of a sine 
wave. 

[0033] Drawing 8 is drawing sinewing that of the internal configuration of the full 
bridge type drive circuit as 2nd operation gestalt of this invention. 
[0034] Among drawing, the transistors 7a-7d (with this operation gestalt, let 7a 
and 7c to 7b, and let a P type transistor and 7d be N type transistors), such as 
FET (field-effect transistor), are constituted by the full bridge type at drive circuit 
7B, as shown in this drawing. Moreover, the NOT circuit (inverter) to which 12 
reverses an oscillation signal, and 10b and 10c are choke coils. Two kinds of 
oscillation signals from the below-mentioned armature-voltage control oscillator- 
circuit 1 1A are inputted into a high side and low side side, respectively, and 
switching of drive circuit 7B of a full bridge type is performed when Transistors 7a 
and 7d and Transistors 7b and 7d repeat ON/OFF by turns. Although it is the 
same as that of the case of a half bridge type that input voltage Vi is changed 
into the square wave which has the peak value Vi according to an oscillation 
signal, and is changed into a sine wave with choke coils 10b and 10c by the 
switching operation of drive circuit 7B, it cannot be overemphasized that it 
becomes driver voltage twice the magnitude of a half bridge type by the circuitry 
in the case of a full bridge type. 

[0035] Here, the experimental result (from drawing 12 to drawing 14 ) by 

invention-in-this-application persons is mixed and explained about what kind of 

oscillation signal should be inputted into the input terminal by the side of the high 

side of the above-mentioned bridge circuit, and a low side. 

[0036] When <controlling the duty ratio of the oscillation signal by the side of a 

high side and a low side, and controlling> the duty ratio of the oscillation signal 

by the side of a high side and a low side first, a circuit property when the 

common oscillation signal by which Pulse Density Modulation was carried out to 

the high side and low side side in the armature-voltage control oscillator circuit 1 1 

of above-mentioned drawing 5 is inputted is shown in drawing 12 . 

[0037] When not controlling a duty ratio to be shown in drawing 12 (those without 



control: equivalent to the arnnatu re-voltage control oscillator circuit 106 of drawing 
1 ), it turns out that the frequency of the oscillation signal with which the input 
voltage Vi to the drive circuit 7 beconnes large and which is alil<e, therefore is 
outputted from the armature-voltage control oscillator circuit 1 1 becomes high. 
On the other hand, it turns out that the frequency of the oscillation signal 
outputted from the armature-voltage control oscillator circuit 1 1 becomes low as 
the input voltage Vi to the drive circuit 7 becomes large, when control of the duty 
ratio by pulse width modulation is performed (those with control). Since gap is 
between the electrical potential differences (energy) on which this is actually 
inputted into a piezoelectric transformer as the driver voltage of the detected 
piezoelectric transformer 1 and is not increasing the electrical potential difference 
more nearly actually inputted by the increment of the detected driver voltage to it, 
it is thought then that it is because driver voltage became small as a result. 
[0038] When [ <when controlling only the duty ratio of the oscillation signal by the 
side of a high side> ] next, the circuit property in the case of controlling only the 
duty ratio of the oscillation signal by the side of a high side is shown in drawing 
13. 

[0039] A duty ratio becomes small and fluctuation of a frequency can make 
[ ****** ] abbreviation there be nothing as are shown in drawing 13 and the input 
voltage Vi to the drive circuit 7 becomes large, when control of the duty ratio by 

pulse width modulation is performed (those with control). 

[0040] When [ <when controlling only the duty ratio of the oscillation signal by the 
side of a low side> ] next, the case where only the duty ratio of the oscillation 
signal by the side of a low side is controlled is explained with reference to 
drawing 14 . 

[0041] Since the period whose output of a drive circuit is grand (GND) potential 
will decrease if the duty ratio of a low side becomes small as shown in drawing 
14 , the driver voltage of the detected piezoelectric transformer 1 goes up, and 
cannot perform desirable control. 

[0042] When adopting the drive circuit ( drawing 7 , drawing 8 ) of a half bridge 



type and a full bridge type from the above result, the configuration which controls 
only the duty ratio of the oscillation signal by the side of a high side is adopted. 
The armature-voltage control oscillator circuit in that case is explained below. 
[0043] Drawing 9 is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as 2nd operation gestalt of this invention. 
[0044] Drawing 10 is a timing diagram explaining actuation of the armature- 
voltage control oscillator circuit as 2nd operation gestalt of this invention. 
[0045] drawing 9 ~ setting ~ armature-voltage control oscillator-circuit 11 A ~ 
triangular wave generating circuit 11a, electrical-potential-difference comparator 
circuit 1 1ba and 11bb(s), and 11d of 1/2 frequency dividers - and ~ and (AND) it 
has Circuits lie and 1 1f. Triangular wave generating circuit 11a outputs the 
triangular wave of the frequency according to the output signal of the error 
amplifying circuit 5. 

[0046] Based on the result of having compared with the output voltage of the 
error amplifying circuit 10 the triangular wave outputted from triangular wave 
generating circuit 11a, electrical-potential-difference comparator circuit 1 1ba 
performs the so-called Pulse Density Modulation (PWM), and outputs a square 
wave A. On the other hand, based on the result of having compared the 
reference voltage of the triangular wave outputted from triangular wave 
generating circuit 11a, and the interior which is a predetermined value, electrical- 
potential-difference comparator circuit 1 1bb performs Pulse Density Modulation, 
and outputs a square wave B. 1 1d of 1/2 frequency dividers outputs one half of 
the square waves C of a frequency of the frequency of a square wave B by 
reversing an output at the standup point of the square wave B which electrical- 
potential-difference comparator circuit 1 1bb outputs. AND circuit 1 1e outputs the 
reversal output of an AND with the reversal output of a square wave A and a 
square wave C (high side side oscillation signal 1). And 1 1f of AND circuits 
outputs the AND of a square wave B and a square wave C (low side side 
oscillation signal 2). According to such circuitry, only the duty ratio of the high 
side side oscillation signal 1 is controllable according to the output voltage of the 



error amplifying circuit 10. 

[0047] < Modification of 2nd operation gestalt> drawing 1 1 is drawing sliowing tlie 
internal configuration of the arnnature-voltage control oscillator circuit as a 
modification of the 2nd operation gestalt of this invention. Although it has saw- 
tooth-wave generating circuit 11c in which this drawing generates a saw tooth 
wave instead of triangular wave generating circuit 1 la, since another 
configuration and actuation are the same as that of drawing 9 and abbreviation, 
explanation is omitted. 

[0048] A [operation gestalt of ** 3rd] book operation gestalt explains the case 
where the wide range modulated light function of the cold cathode tube which is 
a load 2 is added to the control circuit of the piezoelectric transformer explained 
with the 1st operation gestalt. 

[0049] Drawing 15 is the block block diagram of the control circuit of the 
piezoelectric transformer as 3rd operation gestalt of this invention. In this drawing, 
about the same circuitry as the control circuit of drawing 4 explained with the 1st 
operation gestalt, the same reference number is attached and explanation is 
omitted. 

[0050] In drawing 15 , 13 is a pulse power circuit, generates the supply voltage 
(the following, pulse voltage) of the shape of a pulse supplied to the drive circuit 
7 from input voltage Vi, and controls the pulse width or pulse separation of the 
pulse voltage. 

[0051] The drive circuit 7 outputs intermittently the driver voltage which drives a 
piezoelectric transformer 1 with the pulse voltage from the pulse power circuit 13. 
a piezoelectric transformer 1 ~ this ~ since it drives by intermittent driver voltage, 
in the output side of a piezoelectric transformer 1, the intermittent high voltage 
occurs as a result. If the pulse width or pulse separation of a pulse voltage 
supplied to the drive circuit 7 in the pulse power circuit 13 is changed at this time, 
the rate of the lighting period of the cold cathode tube as a load 2 and a putting- 
out-lights period can be changed, and the wide range modulated light function of 
this cold cathode tube can be realized. 



[0052] However, the pulse power circuit 13 cannot be added to tlie control circuit 
of drawing 4 , and brightness cannot be changed only by supplying the pulse 
voltage generated by this circuit to the drive circuit 7. "load current according to 
error annplifying-circuit 5 grade as the reason mentioned the control circuit of 
drawing 4 above - a predeternnined value - abbreviation - it is for having 
function" controlled unifornnly and "the function which controls the driver voltage 
of a piezoelectric transfornner for change of input voltage at a predeternnined 
value at ******" by error annplifying-circuit 10 grade. Here, the reason is explained. 
[0053] That is, if the problem about the former function is explained, suppose that 
the average tube electric current (load current) of the cold cathode tube by the 
intermittent oscillation of a piezoelectric transformer 1 was decreased as a result 
to which the condition of the pulse voltage of the pulse power circuit 13 was 
changed in order to make the light of a cold cathode tube modulate. At this time, 
since the load current detection electrical potential difference Vri becomes 
smaller than reference voltage Vref1 , it shifts the oscillation frequency of the 
armature-voltage control oscillator circuit 1 1 to a low frequency side. And in order 
that the drive circuit 7 may work as a result of the shift to the low frequency side 
of an oscillation frequency in the direction to which the tube electric current is 
made to increase, there is a problem that the average tube electric current will 
return to the original magnitude, after all. 

[0054] Moreover, there is a problem of the function which controls the driver 
voltage currently performed in order error amplifying-circuit 10 grade is efficient in 
the drive of a piezoelectric transformer 1 in order to carry out actuation like 
[ when the driver voltage of a piezoelectric transformer 1 becomes small ] if the 
problem about the latter function is explained and the drive circuit 7 will be driven 
intermittently, and to hold to a predetermined value stopping operating normally. 
[0055] Then, with this operation gestalt, in order to cancel these troubles, as 
shown in drawing 15 , a sample hold circuit 14 is inserted between a rectifier 
circuit 4 and the error amplifying circuit 5, and a sample hold circuit 15 is inserted 
between a rectifier circuit 9 and the error amplifying circuit 10. Sample hold 



circuits 14 and 15 are controlled by the pulse voltage which the pulse power 

circuit 13 all outputs. Sample hold circuits 14 and 15 consist of capacitor 14b, 
15bb, and the switching elements 14c and 15c Buffers 14a and 15a and for 
charge, respectively, as shown in this drawing. 

[0056] Next, actuation of a control circuit equipped with the above configurations 
is explained. 

[0057] When first you make the brightness of a cold cathode tube into max, let 
the pulse voltage to output be continuous direct current voltage with the 
adjustment device which is not illustrated [ of the pulse power circuit 13 ]. At this 
time, switching elements 14c and 15c will be in the condition of having always 
closed in sample hold circuits 14 and 15. Therefore, sample hold circuits 14 and 
15 will be in the same condition as drawing 4 which does not exist all over the 
control circuit concerned. 

[0058] Next, when lowering brightness, the adjustment device which is not 
illustrated [ of the pulse power circuit 13 ] adjusts the condition of the pulse 
voltage to output on a pulse-like electrical potential difference (pulse voltage) 
from continuous direct current voltage. 

[0059] Here, the electrical potential difference of the shape of this pulse is 
supplied to the drive circuit 7, and actuation in case the intermittent drive of the 
piezoelectric transformer 1 is carried out is explained. 
[0060] In the period (an oscillation period is called) of ON of the pulse voltage 
from the pulse power circuit 13, by the driver voltage from the drive circuit 7, a 
piezoelectric transformer 1 is driven and the tube electric current flows to a cold 
cathode tube. Moreover, since the pulse voltage from the pulse power circuit 13 
is inputted into switching elements 14c and 15c, the component concerned will 
be in the condition of having closed. While the load current detection electrical 
potential difference Vri from a rectifier circuit 4 is charged by capacitor 14b at this 
time, it is outputted to the error amplifying circuit 5 through buffer 14a. Therefore, 
from the error amplifying circuit 5, the electrical potential difference according to 
the difference of the load current detection electrical potential difference Vri and 



reference voltage Vref1 is outputted to the armature-voltage control oscillator 
circuit 11. Similarly, the detection electrical potential difference Vti from a rectifier 
circuit 9 is outputted to the error amplifying circuit 10 through buffer 15a while 
capacitor 15b charges. Therefore, from the error amplifying circuit 10, the 
electrical potential difference according to the difference of the detection 
electrical potential difference Vti and reference voltage Vref2 is outputted to the 
armature-voltage control oscillator circuit 1 1 . 

[0061] Next, in the period (an idle period is called) when the pulse voltage from 
the pulse power circuit 13 is off, since a piezoelectric transformer 1 does not 
drive, the tube electric current does not flow to a cold cathode tube. Since 
switching element 14c will be in the condition that the pulse voltage from the 
pulse power circuit 13 opened, at this time, a sample hold circuit 14 is not 
influenced by the load current detection electrical potential difference Vri. And a 
sample hold circuit 14 outputs the electrical potential difference Vri charged while 
switching element 14c had closed to capacitor 14b, i.e., the load current 
detection electrical potential difference of an oscillation period, to the error 
amplifying circuit 5 through buffer 14a. Similarly, a sample hold circuit 15 outputs 
the electrical potential difference Vti charged while switching element 15c had 
closed to capacitor 15b, i.e., the detection electrical potential difference of an 
oscillation period, to the error amplifying circuit 10 through buffer 15a. 
[0062] therefore, the thing for which the electrical potential difference charged 
with the load current detection electrical potential difference Vri of an oscillation 
period is used also in an idle period ~ the load current ~ a predetermined value ~ 
abbreviation ~ also in an idle period, the driver voltage of a piezoelectric 
transformer is controllable to a predetermined value by using the electrical 
potential difference which could control uniformly and was charged with the 
detection electrical potential difference Vti of an oscillation period. Therefore, the 
drive condition of the piezoelectric transformer 1 in an oscillation period will be 
held. 

[0063] Thus, with this operation gestalt, it sets to sample hold circuits 14 and 15. 



Synchronizing witli tlie pulse voltage which the pulse power circuit 13 outputs, 
the load current detection electrical potential difference Vri in an oscillation period 
and the driver voltage (detection electrical potential difference Vti) of a 
piezoelectric transformer 1 are sampled, respectively. The load current detection 
electrical potential difference Vri and the driver voltage of a piezoelectric 
transformer 1 at an idle period by holding to the electrical-potential-difference 
value in an oscillation period, respectively "tube electric current ~ a 
predetermined value ~ abbreviation ~ change of function" kept constant and 
"input voltage ~ ****** - driver voltage ~ abbreviation ~ "the modulated light 
function of a cold cathode tube" is realizable for function" and the list which are 
kept constant at fitness, respectively. 

[0064] Moreover, in the control circuit of above-mentioned drawing 15 , although 
the intermittent drive of drive circuit 7 the very thing was carried out by the pulse 
power circuit 13, when the drive circuit 7 is a half bridge circuit like drawing 7 , 
the circuit shown in drawing 16 can also realize. 
[0065] Drawing 16 is the block block diagram of the control circuit of the 
piezoelectric transformer as a modification of the 3rd operation gestalt of this 
invention. In this control circuit, a half bridge circuit is adopted as the drive circuit 
7, and the direct input of the input voltage Vi is carried out to that half bridge 
circuit like drawing 7 . Moreover, the pulse oscillator circuit 16 and AND circuit 17 
are used for drive control of the half bridge circuit concerned. 
[0066] That is, the oscillation signal from the armature-voltage control oscillator 
circuit 1 1 is inputted into transistor 7b by the side of the low side of the half 
bridge circuit concerned. Moreover, in AND circuit 17, the AND signal of the 
oscillation signal from the armature-voltage control oscillator circuit 1 1 and the 
pulse signal from the pulse oscillator circuit 16 is generated, and the signal is 
inputted into transistor 7a by the side of the high side of the half bridge circuit 
concerned. Since transistor 7a switches with the signal inputted, it can carry out 
the intermittent drive of the piezoelectric transformer 1 as a result. Moreover, 
sample hold circuits 14 and 15 are controlled by the pulse signal from the pulse 



oscillator circuit 16. The other circuitry is the same as that of the case of drawing 

15 , and since the actuation of two sample hold circuits itself is the same as that 
of the case of drawing 15 , explanation is omitted. 

[0067] Moreover, the function mentioned above is realizable even if it equips a 
different location from drawing 15 and drawing 16 with sample hold circuits 14 
and 15. 

[0068] Drawing 17 is the block block diagram of the control circuit of the 
piezoelectric transformer as other modifications of the 3rd operation gestalt of 
this invention. In this control circuit, the sample hold circuit 15 is inserted for the 
sample hold circuit 14 again between the error amplifying circuit 10 and the 
armature-voltage control oscillator circuit 1 1 between the error amplifying circuit 5 
and the armature-voltage control oscillator circuit 11. And it is the same as that of 
the case of drawing 15 to operate two sample hold circuits with the pulse voltage 
which the pulse power circuit 13 outputs. In addition, since the actuation of two 
sample hold circuits itself is the same as that of the case of drawing 15 , 
explanation is omitted. 

[0069] In addition, the pulse oscillator circuit 16 and AND circuit 17 may not be 
adopted like [ circuit / of drawing 17 ] drawing 16 instead of the drive circuit 7 of a 
half bridge type, and the pulse power circuit 8 also until it says. 
[0070] In addition, the control circuit of the piezoelectric transformer in each 
operation gestalt mentioned above uses and is suitable for the drive of the cold 
cathode tube as a load to the display which does not reach for saying but is 
equipped with the cold cathode tube. Furthermore, if it is used for equipments 
equipped with such a display, such as a computer and a Personal Digital 
Assistant, it cannot be overemphasized that small lightweight-ization of 
equipment can be attained. 

[0071] Moreover, if an ultraviolet ray lamp is driven by the control circuit of the 
piezoelectric transformer of each operation gestalt, the ultraviolet rays to which 
the lamp irradiates an object can perform presentation decomposition by 
sterilization, deordorization, and activation etc. That is, the sterilizer which uses 



this ultraviolet ray lamp as germicidal lamp glass and water purifying plant, or the 
deordorization equipment which uses this ultraviolet ray lamp as the light source 
for excitation of a catalyst can be offered. 

[0072] Furthermore, the control circuit of the piezoelectric transformer of each 
operation gestalt may be used for the high-voltage transformer assembly for the 
drive of the component for ozone generating, and a DC-DC converter. 
[0073] 

[Effect of the Invention] As explained above, according to this invention, ****** 
and the load current are controlled to change of input voltage at a predetermined 
value, and offer of the control circuit of the piezoelectric transformer which can be 
driven [ that it is efficient and ], and the control approach realizes a piezoelectric 
transformer. That is, since the load current is controlled to a predetermined value 
and the driver voltage of a piezoelectric transformer can be controlled to a 
predetermined value even if it is the case where input voltage changes, it 
prevents, and it can be efficient and the shift of the oscillation frequency of a 
piezoelectric transformer can be driven. 
[0074] 
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DESCRIPTION OF DRAWINGS 



[Brief Description of tlie Drawings] 

[Drawing 1] It is tlie blocl< block diagram of the control circuit of the piezoelectric 
transformer as a conventional example. 

[Drawing 2] It is drawing showing an example of the internal configuration of the 
drive circuit as a conventional example. 

[Drawing 3] It is drawing explaining an example of the frequency characteristics 
about the output voltage and the load current of a piezoelectric transformer. 
[Drawing 4] It is the block block diagram of the control circuit of the piezoelectric 
transformer as 1st operation gestalt of this invention. 
[Drawing 5] It is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as 1st operation gestalt of this invention. 
[Drawing 6] It is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as a modification of the 1st operation gestalt of 
this invention. 

[Drawing 7] It is drawing showing the internal configuration of the half bridge type 
drive circuit as 2nd operation gestalt of this invention. 
[Drawing 8] It is drawing showing that of the internal configuration of the full 
bridge type drive circuit as 2nd operation gestalt of this invention. 
[Drawing 9] It is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as 2nd operation gestalt of this invention. 
[Drawing 10] It is a timing diagram explaining actuation of the armature-voltage 
control oscillator circuit as 2nd operation gestalt of this invention. 
[Drawing 1 1] It is drawing showing the internal configuration of the armature- 
voltage control oscillator circuit as a modification of the 2nd operation gestalt of 
this invention. 

[Drawing 12] It is drawing explaining the experimental result in the case of 
controlling the duty ratio of the oscillation signal by the side of a high side and a 
low side. 

[Drawing 13] It is drawing explaining the experimental result in the case of 



controlling only the duty ratio of the oscillation signal by the side of a high side. 
[Drawing 14] It is drawing explaining the experimental result in the case of 
controlling only the duty ratio of the oscillation signal by the side of a low side. 
[Drawing 15] It is the block block diagram of the control circuit of the piezoelectric 
transformer as 3rd operation gestalt of this invention. 

[Drawing 16] It is the block block diagram of the control circuit of the piezoelectric 
transformer as a modification of the 3rd operation gestalt of this invention. 
[Drawing 17] It is the block block diagram of the control circuit of the piezoelectric 
transformer as other modifications of the 3rd operation gestalt of this invention. 
[Description of Notations] 

1.101 Piezoelectric transformer 

2.102 Load 

3.103 Resistance Rdet for detection 

4 9,104 Rectifier circuit 

5 10,105 Error amplifying circuit 
7, 7A, 7B, 107 Drive circuit 

7a, 7b, 7c, 7d Transistor 

8a, 8b Driver voltage detection resistance 

10a, 10b, 10c Choke coil 

11, 1 1 A, 106 Armature-voltage control oscillator circuit 

11a Triangular wave oscillator circuit 

1 1ba(s), 1 1bb Electrical-potential-difference comparator circuit 

1 1 c Saw-tooth-wave oscillator circuit 
lid 1/2 frequency divider 

lie, 11 f, 17 And (AND) circuit 

12 NOT Circuit 

13 Pulse Power Circuit 

14 15 Sample hold circuit 
14a, 15a Buffer 

14b, 15b Capacitor 



14c, 15c Switching element 

107a Transistor 
107b Coil transformer 
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[ 0 0 0 3 ] 01 ^^Mi: Lx^SM h => yy^m\ 

[0 0 04 1 041. lOKiffitth^yX. 10 2{iJ± 

mf^yx 1 0 1 ^oai^^IlJtfs^§^^/-^^^Fts«^^^o^l 
1 0 3{itm:f;Stii>€?]ii&^mt-ii/iis^t^^mffl 

SfilRdet. 1 0 A\tWmmL 1 0 3 tC^fe t/iS^I^ 

J±^E}I«J±t^-rsS?IllIS&. I0 5{ifiilllli?&l 
0 4tCTS?mc?)m)± (JilT. t?tm?;SMai€J±) Vri 

-rste^mtsHf^. 1 0 eaffi^miigHiE^i o stom^ 
m±\z)^Y.tzimwm.m^ (ot. ^Jifi^) 
^^hm£wmmm. ^ix i o 7(i«)±iiM^sg 
iMiifsi oeco^Hfi-^tAiimffvi tso'v^ 

TJimb ^ y X 1 0 1 ^IBi)tl..|gM0f§T-?jl> „ 

[ 0 0 0 5 ] 02(±. tmmt ixmmmmmm 
0.(o-miw:i-mx'S)t. 

[0006] 1 0 7 a{iA:^I«J±Vi Sr«JEMP 

^ffilMlS^l 0 6i)^i:>^m§im^zmtX:^-! -r^y fi- 
^ J; 0 Xif\MJ±^%^-r^ F E T ( m^rjfJT. 1- ^ 
y>x^) m(^)Vyy'Jx9. 1 0 7bi±^co3c?I'Si± 
^ ffitt b 7 y X 1 0 1 i<zdmt^ W^Vyy:^xhh. 
^(Dm^hyy^ 1 0 7 b{i. 2JMi(7)|^^fi!c:}^i:ffi« 
b^yxi 0 i(ri^m.m}t\ziity ^jv^m^i^^ 
Ifzuh. hyy'Jx^' 1 07 acrix^ -/^y^'i/ZX-oX 
^ t ^cilff^Jii^mJ±J± , ^Sh7yxi07bc?)2 MIIJT- 
{iiE^igt=5r'5Tffi«b7yxt:E|X!iD§ti§. ^iOiE^S 
j^JIt j: -^Tjim b y yx 1 0 1 f±ig»i§ti, urn h 
^yxi 0 l<r)^Wmix&<nMnS.tm^'tt. 

[0007] mz. mmmmLmmmi^m^ 

\,z-^\^xm3^m'^Lxmm-r^ . 

[0 0 08] 03 (±. K%hyyx<r)}i^-j}nsmf%M 

m^itcov (Tymmmm^-mmwM-^^ mxh i> » 

[00 09 ] E^f^yx 1 0 1 tt, |5]0 (Xfi) 

■ti>\m<n^wmmm^L. ffi«b^y>^i o i 

<7)ai^«JB:J;'5TM?tl Q 2{zWditVMmWj:\h 

mcrAmb^j:h^bt^-m.mz^t:>fix\^h. nm 
(TiJ) xu. nMrnti^-mmfimmnK^rixmb 
Lxv^h (#tt[fliiiA) , zffM'mzav^x. 
Tti^'o) <^m^^ii-yfzmmi>z-^\'^xmm't^. mm\ 
m^^comM^&?.-ti b . mmm?%mm% i o 6 
immmmmf ax^m^:mi-(iti. ^com. n^io 
2 t{jmfjK*^?]iitiT ^ ^^u/iiJ^. ^mfiffi 1 0 3 

^-^T. |£M±Mt§0£#l 0 5i±. 
Ml=«iI1^ti5«JlVri tSP«J±Vref t ^irbKLJ^^fe 

^xh^'B.(^MS^mmm?^mm%i o 6 

So ^Lx. mmmm^ i o 6 ii^c^m&izmtx?t 
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1 0 iotti^mj±ii±#L, nwi in^mm^Him 
jivri) hmMLtiiiibi,. ^Lx. mwi iPMmm 

^rmmmti^^m-t^ (f b) , icoxd^^mm^^o 

mmmmzm^x. i^i. mmhyyxio ico^mm 
mwiSim^it'^-'mm^iuz x ->xmt ix ^^^^ 
itmtxmmm^mmB i o eco^mmmmi^^i-y 
ht^fzif^. mznimm^:w^-^izU':>^bti^x'^ 

mninm&y ri ^:mmmmyrenz-tK<mmmm-/^^ 
'€bti. ^mmmmm^zi:^xnm.mmMimzu 
mti^xoiz^^^. 

[0011] 

micox o^^sMhyyxmmmmziiv^x. xtim 

mBti^imwtlZtlzX'yXSMhyyxioicoiii:n 

^■fi t . ^tii^zifnxn'M h 7 1 0 1 con^mmz 

bt^xM.mmmMiiim&vrii/i±^ < ^ o . ix 
^mi^<^mmLi/^mmm3\^<^ t ci^zi^yhtxit 

0. mz^ A:nmj±m^^<^j:->fzi%^it, PMmmt^ 
m'j^^tifzi^m§im(^Mmmmmmzyy h ix 
ltd. -mz. smhyyx<7)Xii!,ti(D^immii. 
BMhy yx<^)i^mmmmniS:xmmt i> ^tfim i m 
mt^^<. m^wmmzmmw-ffihummt'^^T't 
hb\^om^^m-ox\^h. ^-^x. m$Mmmmii. 
x^mBy^fmitLx h t F^fSffltfmt-i. 

mmi^z x-^xsMhy yxff^mmmmLii^ms txit 

[0012] ^^x^^mii. xtiVKcomuzm^ 
■f. mmmm&mmmL. smhyyxmmm 
TM «rtg^j±« b y yxmmmAmmim<7)m 

[0 0 13] 

mmnm-f^ tzi^crmu ±mmmmm-6rz 

[ 0 0 1 4 ] fip-^, mwiiOAtimii^mmmmzxx^ 
'yi-y^"LXi^m.m&^:mii. ^(^^^.ii.'m&zX'ox 

mmhy y X ^ IBM LT^ilSflffi^ # I. J±m hyyx 

commmm-h-ox. mms.mhyyx<7)m)mB<7)± 



[ 0 0 1 5 ] L < tt, St. mmsM h y yx^zm 
Si:, 'kmtxii'o. mtmm^miK mmM'ms^m 

[ 0 0 16] Clilt J: D , Ai]€l±^O^^ttpg^.-f , t 

K'^i'^^m 2 £0Hff5Efit^$iJ» L . a.oj±« h 7 yxtfofg 
mm±^w. 1 i^FjfMitcsij»^ , 
[0017] tfz\t. ^Ltmm^^mL-fhfz^. -m. 
^mwA y y yxmmnmxt. m<mmmw:.^ 

■7 

<i5 -. 

[0018] Wh. W<il^\Kh'^Vi~kXA ^yf-y^'LX 

iciiiffi^^L. ^co^mm&zx-^xmmhyyx 
^mmix^mm&m^sM hyyxmmimx 
h-ox. m$iSMhyyx<7^mmm&<^±t^^miii-t 
!> mmmEm^iixn ^m.im tzmmmfv. tmic^ 
FJrSffit i:mtm 1 oitixx^t . ^(^mUimz 

m-mmTMb. i^i-t^tmrnhi-t. mz 

imzmmi-h. 

[ 0 0 1 9 ] L < tt, mz^ mms-m y- y yx^zm 
mixfz%Mi,zwxi>mm±^ $ im^-ttmmn 
m^iMb . ^(^m^ Ltz%MnM.bm2m'm.b ^ 

mi, mWM 1 (Dimkumzunutm^mzj^ixm 
%m!&m^<r)mmi^:wm-mmmmjMb. mis 

(JDr^-T 'fi:b^l)iIS-r'g.T^--r^'Jtl)lISX@t. Sr 

2 oFjtsfit^Mffl L . fioj±m h y yxam 
wmm:m i ffymmmzmm-r^^ . 

[0020] 

[^BJJtoSlJM^j ] liiT. *^0i!t:f^ !> J±€ b 9 y>!> 

[00 2 1 ] mi (rimtmm^ ma a. i 
(^Mimmt LT£?)j±€ h 7 yxmmmmy'u -y 

[00 22] 1243. laJS^b^yx. 2{i;J±mb5y 
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mmmmTh^. tt^. Sa, ShUS.mhyyxicr, 
[ 0 0 2 3 ] ia4^0|IJfP[H]Et;fcitl.mEi|IJfPI& 

[ 0 0 2 4 ] 0 5 ii, t-mnc^)m 1 c^mmmmt lxco 

[ 0 0 2 5 ] mE$yti^S[iii§ 1 1 
mm 1 1 a bmmimmm 1 1 b t » h 

mmmmi 1 b{.±- HftMiiHi^i 1 a;6^^>ai^ 

[0 0 26] H4O$IJffl0S§t;*5^^T, 4-. A:;'3mffiV 
i LT D C 5 V>?)iEpjD§ilTi5 0 . >I<7)4^Hlt:i3V^T 

j±vtits?iiai±vref2fc*^--iS[L, ^toisM. mm\ 
mmmw< 1 1 /j^fb{i;4 o %ffyf:^~T 4 ^t(^3mm^■ 

(4. M4 0%(7)T^-T^i:t<7)^ffifi-^tS-^^V^Tffi« 

[0 0 27] zc^yMm-h^^. XtiWSy\ffii vtJi# 
X 1 ^.|B»rrSiE5JW± ( OiiH) j&iA# < =5r D . J± 

7 Xli . ?&®fi^<7)T ^ -T ^ <ts:h\,zm. 

nX. hyy'JX^ 1 07 aC07-.-< ■yi-y':^'^ZinX^ 

b^yx 1 0 7 bo2MW::#'^ii^iE^ii^iOig*gt/h 
§<^l.. W^. ffi«b^yxioigi)«EE*vh§<=5r 



&F;f jEffit:fiijfP L , K-Mmmmmmm^zmmt^ z. 
tti^x'^ 6 , m-yx . BMhyyxi im^mx^mx 
tixo K£m^<^mmm&timz%i^tii x a t;=sri. , 

[ 0 0 2 8 ] <® 1 (7)^Sfe?|^^(7)Sl^M>ia 6 ii. *^ 

Bjom 1 commmmcommmt txcommmm&m^ 

(^)mM!^i:^^tmxh^. 

[0029] gift'. 1 1 c 5 (DiatsmE 

i,zmtfzmwmcommiiiiJ:i-tm&m^m^. 1 1 b 

S&l Ooai^mJ±fc^itKL/SlS*tca'3\^TFJtlMPW 

M i'Vi-xm^m) innxmm^:nititimj±tm. 

s&^fii s j±« b 7 yxmmm^mmz-D\ ^x it. 
04 1-^^ L /smEMP^ffiniK 1 0 b mmm.x$) i o-c 

[0030] [ m 2 <7)mmmm ] j^t . m 2 <^mimm 

bLX. mmmitizx-f ^vi-y'^-mcohyy'Jx^i 

>^mmsmmz'-A-^xi±-Mimj:tz></:> . iTfflo:-riii{± 

ia7istt/'ll8«lifjMif^^J«S^^to 

[ 0 0 3 1 ] H7(4. :^mM<^m2<DmmBmb lx<7^ 
j\~yyv v'jmmmm^<^\^^mf&^^'tmxh^. 

[00 32 ] iEltl@g&7Atd4. FET {M^m 

^ I- y y 9 ) W'?) hyyiyX97 a, 7 b (^^Jfi 
fm^Zto^^XU. 7 a^:Pm.hyy'JX9. 7bS:NM 

2asl^o%^i^t^//v^^1?-^ Ymtu~^-( mt 

IZ-^ti^tiAti^ti. ]-yy'JX97 a, 7hffi-^mz 

^y/^y^wmt. m-^x. K-nmsNm. mm 
mn7K(Dx-^ yi-yfmmzii-yxmtm^i^zmtfz 

mmi^^^hmmizm^^fih . ^lt, ci^o 

mBmi. ^a-^'3^;H0a {zxnm&^^-'jti^mi: 

[0033] lasii. im^mw.2(nmm'm.b lxco 
y)vy^) >y i^mmim^<^nwmmi^-fmxhi> . 
[0034] m^. mmmm b t;i±. f e t 

^J-yyy'X?) m<^)hyy'JX9 7 a—7 d{if.mM 
mmX\i. 7 a, 7c^PSh7y>^'X^. 7b, 7 d 
SrNMb^yi^'J'^^'fc-tl.) ifinM<nU<y>vy^) 'y'J 

mmf&^tixv^^. tfz. i2immmt:m.^^ 

N0TIII;E& (>f yA-^) , lOb, lOctt^a-^' 

3-f;i/-r-fei>, 7;^7■■u 'y 'jm(om$m^%7 B^XXA V 

XlZ^fi. Vyy-JX97 a, 7 dbhyy-JX97 
b, 7 Abi)^i^-K\>zi^y/^y^mmt.itl>zXmi 



(6) 



10-285942 



mzm^^tl; f-3~i^^-< JVl Oh , lOctTiE^ 
[0 0 3 5] ±iEt^7'U -y vMWN-f-+?--^ K 

(HI 2!&^^>iai 4) k^x.xmm-h. 

[0 0 36] <J\A^A K^fMt^^-^f^ ^■fliji7)^ffifi 

^hih^. B|]*>. |rrMi7)ia5i?)ttffi$iJtp^ji[lii&i It; 
[ 0 0 3 7 ] H 1 2 t^^-r J; ^ Ti-r ^ JtoMP 

^tf^b^v^ (fflfPiiL : m\<mm\m%mm\ 0 6 

1 i: ^lt:J±« h 7 y X Alt) S !> ^ 

tz^ . IS* b LxmwmS.if'h^ <t£-3fzMzXhb 
[0038] <}\A ^4 Kli£0«l^Ox.x-x ^ Jt 

'f^-i-4ittimmmti>^<^m^'wmmi 3t: 

[ 0 0 3 9 ] la 1 3 tc^^ j; 0 tc. ^^V^X^S^ili|t j; § 
|lia&7^<7)A:^«ffiVi:{)iA#<5rSt1^'5T. T^- 

[0040] <n— tf-f KfiO^Sff-ttOxi-x ^ Jt 

T^-r ^ j:b!^i(t^ffltP-ri.Ji^^ia 1 4 ^mm.Lxm 

[ 0 0 4 1 ] H 1 4 liZ^-fX 0 1;. u-^A Kc^T^- 



[0042] li^Jl^0SaJ&^^>^^-77'U -v 'JW. 

[ 0 0 4 3 ] H9i±. if.wmm2(Dmmsmh lx<^ 
[ 0 0 4 4 ] la 1 0 a , 2 (Timtmrn. tLx 

[0045] ISl9tj3V^T. mJ±$'J«^S0S&l lA 

'^W&M&m^ \ 1 a. mj±ib^0lf^l 1 b aSt^' 
llbb, 1/23>JW1@{E§1 1 ^LTTy^■ (AN 

D) HiE&i 1 e, 11 i^mLx\-^h. ^wm.>m^ 
1 1 a(i. wmmwm'5(D^-nm^\zmtfzmm<^ 

[0046] mj±ib^0if§ 1 1 b aii. ^Wim>mn 

ms.h^)icmLfim%\,zm-5\\x . nw^}v:m^m 

(PWM) &tfV\ Sgff^iSASrtii^-rS, --n. «JEJt 
g^[lIS§l 1 bba. 1 aiWoJH^^Il 

%\z^-5v^x. )^)vxmMk\-^VK mymk%^-t 
i/2*M[iii^i 1 d{i. nmmm\\\ih(7} 
'&yi^h^wm(ry±%}Lm^szx'&yi^mk^h^ 

J: D . wm^<nwmk.(^ 1 / 2 o:>W^m~.(^W&& 
ckniiji-i. ryKHS^i 1 e«. ^gff^i^At^ffM 

A mmmm^i ) » ^-ltt^ khis&i 1 f ii. 

iJMi^ 1 ^Or ^-x ^ J:b/-itt ^ffi^tit§0f^ 1 0 cr, 

la.timB^zmtxmmi'i zt^^x^ i . 
[0047] <m2<7^mmmm<^^m>m 1 1 * 

^com^mj^^^T^trnxhi . mmi±. ^n'^!^?%^m^ 
1 1 a(^)ith^^zm&i^^t6m&9&m^i 1 

mmxh I cox-mMirm-r^ . 

[0048] [ ® 3 <7mtmm ] ^mmmmxn. m 1 

2 x'hii^mm'ecoiKmm^j:my6mmmi}u uz^^^z 

[oo49]iai5{i. :^?tm(om 3 (Dmnmps. tix 
cosM h ^ yxmmmwy'n -y ^ ifj^Ht-i) 1. » |5] 
H(ct5v^T . m 1 (^mmmmi^zxtmLfzmA mm\°\ 
i^tmm^j:ms&mmz-:)\^xii. m-mm^^m 

[00 50] lai 5i,Zii\-^X. 1 3i±. raUT.mMlolii 

TfeO. iBI^I[MI^&7^;#t^^|,y^7^xt^c£?)€^!imJ± (iil 
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[0 0 5 1 ] iglJlIIS#7{i:, ^N'/L-X^ilglllg^l 3ii^ioO:> 

xiotiimiijtii, rHixe^^ft€ffi/&«-ri. o 

{f . 2 t LT OJ^Ftffi^tOjSW-^P^ i: \mm^ t CO 

[0 0 52] mi , m4mmmmzJvvxmwMi^ i 

m<^muzitmi^i't,zj±mhyyxcommw±m^m 

m^i^z-y^^xtmi-^. 

[ 0 0 5 3 ] ap-fe, m^commiz-:>i-^rcr)f!mmmt 
till. ^^Ft®*^ll3ts•ti:s^<^^;^xm}lSlII^#l sco 

X 1 (Dfsx^mizx ^i%mmv<^'?i-WBmm (mm 

^mm^i K^Mummm. i&mmmz^^yh'ti>. 
X . mmm^ 1 ifimmit'.'^mM^^h-H^\izm< fz>h , 

[ 0 0 5 4 ] i/i, 'im(^m^\,z'y\^x<mw^%mf 
ti\f. mwmi ^"^xmzmsth t . wmmm^ 

^-o/ti;i:oj;5^ijft&-rs/ii«^, jimb^yx ito 

%m^:mmi^X-U.^-thfzib{z'ilhKX\^h h <i^o, 

-^xLtoh^^^mmmh. 

[ 0 0 5 5 ] ^fLioff}mm^.^:mm~thfz^. 
^mmmxu. m 1 5 i a t;. mmnA 
5 1 orBiti±-9-y 7°;^:^-;i/ k 01?^ 1 4 . 

tJ^v!. SiI[lIiiS9 fcimiiililllliSl Oh<m\>zirfyr 

14&V1 5(4, mil.h^'()V7.WMMf%l 3¥'i!,ti-f^ 

Am/i5\i. nm^z^-fta < ^tirti^^-/ 7 r 1 4 

a, 1 5a. ^trnfflcony-ryHf 14b, 15bb.^ 
LTX^ v^y^'"3l^l4c, 1 5cT-Sfi£§tlli, 
[00 56] ±IEt?)J; 3=S:SJj!c^1iil.ffl«lMlli& 



[0057] lit^^z^ <%mm^<^mm^:m±i^zi-it^ 

§ . ^yrj]^:r^~}V b' nil^ 1 4 ru 1 5 ti4 . x -y ^ 
y 1 4 c jit/ 1 5 c {4^t;ffl t!t4m fc , 
-5 T . ■^yrji'Tr^-)^ ¥ tiiE# 1 4 &v 1 5 :*i"SM$(jfPlil 

[ 0 0 5 8 ] *?S&T(f S^i^a, ■'Vl'XMWM 

s&i 3o^ii^^<7)i)iis^st J; 0 . tats-t^^vvxmm 

[00 59 ] ;ovVPX^^O€J±/&^lglJ@iE^7 

^zm^^tL. sMhyyxi ti^mxmm^tix\^m-'^ 
<^mmz-D\>^xmm-t^. 

[00 60 ] ^ 1 3 /^^^.to^x'/L-x^E^^'^r 

y^^^ffai (?mmmmi-6) xu, mmmmt^^c^) 
mawzx-oxnm hyy^i imm^ti. mmm 
iizii'mmti^miii . ttz. ^i-y-zm^iAcR 

Kh'^ixhfz^. '^mmT\imttz-m.b^j:h.. rot 

«?I@g&4*-J^i^t^«^I1^tlimJ±Vri{i;, 
y^lAh{Z%m^Ki,hMZ. A-.y7Tl4a&^L 
TMIIiitlllll^SttH:^^^!!.^ ts^-oT. l^lliitS[lIS& 
5 ;&^^>(4M?t€?mtH«ffiVri i: B$«ffiVrefl i: (7)11 

[-lEt^^mE^o^mi'jp^w^i i^tii+i^iiSo ^ 
mmm ota^fis^i-i.^ i^-^t. ifiumtinis&i o 

[ 0 0 6 1 ] i*:^. n)V7.mMM^l 3;^^^A,^0^^7^;^l: 

E;&i'^7<7)^p^ (ttitmit^j^t-^) x\t. wMVyy 
X 1 :iw§tL^v^!t46. <^wmi<ziimnm^wxt£ 

V\ rOfc^, X-f •yf-> ^'-#i^l 4 ci4, VVPXliilg 
m^l3fj- (^y> ^}VX.%mz J; -5 T PpII -^fz\m. btsihfz 
^y7')\^i]r^~)VVm^l A\inMW&'^\mSNTi 
t:(4^§^i^v^o ^Lx. ^yr}VTt^~)VYm^iA 
{4. ayry^iAhlzx-f -vi-y ym^l Actmt 

X \^m^z^m Lfzmm. mh?tmmmm^mmkni 

€ffVri^y^y7r 1 4 a^^tTfM±Mt§0lf^5tCtfi 

:^)-r.s.o ^yrjit^-juY^m^i 5{4, 

y^fl 5bt;;^-f -y^y^^*^l 5 c>6^ffltTV^.&P^tC 

^mLfzm&. m-h^tmmmMiam&vti l:^^^y 7 r 
1 5 a Lxmmmmm^ 1 0 tm^^i. „ 
[ 0 0 6 2 ] fi^-oT. it±mrmziiv^x h . mMmm<^y 
mvM^a^mmrnzx ^^m^tifzm&^mm^i 
zti^zx*). nm.mm&mTm-mzmm-f^ ^ t 
ti^x%. fi-^^sMrBit^^tfimEvtitcj; 'oym^tifz 
VK^mm-t^^bizx^. »±mrmz&^xi^. e€ 
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[0063] .icJDi^t. ^mmWrzu. -^yyiVTi-^ 

^i^tiimjivri&v-jim vyyxi <rmmmj± (Kt^m 

Jivti) ^^ti^Wyry y^x. W±Mrmz\im 

^mn:&m'm.xn-mz^--Mtis . ^x-^n.)±(7^ 
mnzm^^^z%%mns.^^-mz{^-)im^\ . m/^z 
^riimwmmwm^^ ^^fi^tim^zmm-h z. t 

[0 0 6 4] tfz. ±iEiOH 1 5i7)$iJfflI[lIS&T1i. 

xmmm^:^ 1 3 1 j; o mmmm 1 x^mm l fz 
t\ miiDm^ifimicox 0 tc^-yy^ u '7 'jm^^com 
^^zim 1 6 ^z^stmmzx -^xhmiM.'^mxhi . 
[ 0 0 6 5 ] HI 6{i. ^wMcom3</)mtmm<7)^m 
mt ixcosMhyyxcommm^coyn ^ ^'^tj^ia-c 
h I. :i mmmBxn. mmmsi 7 izj \- y y u -y v 

;j'«j± V i ^ mmxn-th .ttz. ^- 7 7- >y 

1 7 i: ^^gfflf I. o 

[ 0 0 6 6 ] ap-^ , 1 1 fi-f^mmm 

i^X^lh[ZX-h^flh. tfz. ANDdlg^l 7ti±. 

mjnijfP^^niK 1 \ii-io<n%wmh. )-^jvx%w^ 

Ofi-^!4. ^|g^^-77•U •yi^'[lII^IW^^^f^ FfflOh 
^yyx^'7 atA^i§ixl>o Vyy'yX^T a,\±^ X 
ti^tlt{%^^zk^xA ^y^yy-kfrotz^. Sm^L 
■CJ±«h7yxi^^^ig|6§-lJ:l,,Ii:;&ir#S, t 

fz^ ^yy°)Vt^~)VVmW!i 5i±. J'^)Vx%m 

OHlf^fflfi&iiia 1 5 iDJi^i; D . 2oc?)-9-y7° 

[ 0 0 6 7 ] t^c. ±}St^catai. -tfyr;lx;t^-;PK 
1 4S.t^' 1 5 1 1 6 1 (iM^seat: 

[ 0 0 6 8] HI 7tt. *^H3(7)ffi3<?)|||fft?^M<7)flfii?) 

mx'hh. zmmmf%x'\i. wmmm\^5}imm\ 

n?mmi%l 1 fc«m^fyT;^;^^-;^K0£#l 4 

i /s. fM±M*M0if^i 0 tnmm%mmi%i 1 1 

o^t-9->'7°;l^:}^-;l^Kll]|?Sl 5^ifALTV*^, -et 

^^7^xmiJIIII^f^l 3:^)i■tti^J■rli^^V^X^ffi■r■■2':>c?) 
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